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Abstract
Background: Participation in adequate levels of physical activity during the early years is important for health and
development. We report the 6-month effects of an 18-month multicomponent intervention on physical activity in
early childhood education and care (ECEC) settings in low-income communities.
Methods: A cluster randomised controlled trial was conducted in 43 ECEC settings in disadvantaged areas of New
South Wales, Australia. Three-year-old children were recruited and assessed in the first half of 2015 with follow-up 6
months later. The intervention was guided by Social Cognitive Theory and included five components. The primary
outcome was minutes per hour in total physical activity during ECEC hours measured using Actigraph
accelerometers. Intention-to-treat analysis of the primary outcome was conducted using a generalized linear mixed
model.
Results: A total of 658 children were assessed at baseline. Of these, 558 (85%) had valid accelerometer data (mean
age 3.38y, 52% boys) and 508 (77%) had valid accelerometry data at 6-month follow-up. Implementation of the
intervention components ranged from 38 to 72%. There were no significant intervention effects on mins/hr. spent
in physical activity (adjusted difference = − 0.17 mins/hr., 95% CI (− 1.30 to 0.97), p = 0.78). A priori sub-group
analyses showed a greater effect among overweight/obese children in the control group compared with the
intervention group for mins/hr. of physical activity (2.35mins/hr., [0.28 to 4.43], p = 0.036).
Conclusions: After six-months the Jump Start intervention had no effect on physical activity levels during ECEC.
This was largely due to low levels of implementation. Increasing fidelity may result in higher levels of physical
activity when outcomes are assessed at 18-months.
Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12614000597695.
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Background
Participation in adequate levels of physical activity dur-
ing early childhood (defined here as ages birth to 5 years)
is beneficial to a child’s health and development [1]. Ad-
equate levels have been defined in national guidelines
from a number of countries as at least 180 min per day
of physical activity of any intensity [2, 3]. Many children
in Australia do not meet these guidelines, especially
those living in low socio-economic communities [4].
Finding ways to increase and maintain the number of
young children who are adequately active is needed.
Early childhood education and care (childcare) settings
are important for promoting physical activity, especially in
low-income communities. Most early childhood curriculum
standards and frameworks mandate the provision of phys-
ical activity opportunities for children whilst attending
childcare settings [5]. Several systematic reviews have been
inconclusive in showing that childcare-based interventions
are efficacious in increasing physical activity levels among
children while at childcare [6, 7]. This may be due to poor
study quality, and low levels of implementation fidelity, es-
pecially when interventions are being implemented by
childcare staff. This latter point may be due to staff not re-
ceiving an adequate “dose” of professional development to
successfully integrate and sustain change into their daily
routines [8, 9]. These reviews also show that there is less
evidence in low-income communities; only six studies were
reported and only one of these found a significant effect [8].
Further, this effect was from a short-term intervention (3
months duration). There are very few studies in these com-
munities with follow-ups longer than 12months. Other evi-
dence gaps identified were reporting intervention results
for sub-groups such as boys and girls and overweight/obese
and healthy weight children.
Given the lack of evidence on efficacious interventions
in childcare settings in low-income communities, the pri-
mary aim of this study was to test an 18-month multi-
component, multi-setting intervention for promoting
physical activity among pre-school-aged children in these
settings. As intervention effects may be moderated by a
child’s sex, age, initial physical activity level and adiposity,
a secondary aim was to test if the intervention results dif-
fered between boys and girls, younger and older and over-
weight and non-overweight children, and children who
were adequately or inadequately active. Sub-group ana-
lyses for sex, age, baseline physical activity level and base-
line body mass index (BMI) were also reported. This
paper reports the 6-month results from this study.
Methods
Study design and setting
Jump Start was a multi-component, multi-setting
childcare-based cluster randomised controlled trial. As-
sessments were conducted at baseline, 6 months and 18
months. The study was conducted across the state of
New South Wales, Australia. The sampling frame com-
prised childcare centres located in areas of disadvantage
in NSW, Australia, according to the area location indices
for socio-economic disadvantage (SEIFA) [10]. The
Study followed the Consolidated Standards of Reporting
Trials (CONSORT) Statement [11] and Extension to
Cluster Randomised Trials [12]. The study was regis-
tered with the Australian New Zealand Clinical Trials
Registry (ACTRN12614000597695) and approved by the
University of Wollongong Human Research Ethics Com-
mittee (HE14/137). Parents of participants provided
written informed consent for their child to participate in
the study. If a parent of a child in an intervention centre
did not provide written informed consent, their child
still participated in the intervention but not in the data
collection. The study protocol has been previously pub-
lished [13].
Participants and recruitment
Childcare Centres
Centres were eligible to participate in the study if they
were located in an area with a SEIFA index of relative
socioeconomic disadvantage of less than or equal to 5
(lowest 50%) and had a minimum enrolment of five eli-
gible consenting children. Recruitment of centres oc-
curred from January 2015 to June 2015.
Children and staff
Children were eligible to participate in the evaluation
components of the study if they were 3 years old or
turning three before the start of the intervention;
attended at least 2 days a week at a participating child-
care centre; and were not likely to be enrolled in primary
school the following year. All parents/caregivers of eli-
gible children received a participant information sheet
and a link to an online recruitment video designed to
simplify the explanation of the study. All staff working
with 3-year-olds in the ECEC centres were also invited
to participate in the study.
Randomisation and allocation
Following recruitment and baseline testing, centres were
pair-matched according to the number of staff and chil-
dren in attendance, geographical location and Indigen-
ous status of the centre. Centres within each pair were
then randomised to the Jump Start intervention or usual
practice comparison group by the project statistician
(MB), who was not involved in the recruitment or inter-
vention delivery, using a concealed computerised ran-
dom number generator.
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Intervention
The Jump Start intervention comprised five components
as described in Table 1. These were designed to comple-
ment one another and provide multiple opportunities to
integrate physical activity into the daily routine of the
centre. The intervention was based on Bandura’s Social
Cognitive Theory (SCT) and focused on the personal,
behavioural and environmental factors that influence
physical activity participation in childcare settings. The
intervention was developed using the “working back-
wards” process developed by Robinson and reported in
previous interventions [14, 15]. The explicit links to the
Australian ECEC sector’s framework and curricula (Na-
tional Quality Standard and Early Years Learning Frame-
work) [5, 16] were made.
Staff training for the intervention group
The intervention was designed to be implemented by all
staff in a childcare centre. Professional development
(PD) for staff in each centre was delivered by trained
childcare educators through an intensive one-day PD
session and ongoing bespoke PD opportunities provided
during the intervention period. The one-day intensive
PD involved 7 h of face-to-face contact or virtual contact
through videoconferencing technology, and covered
background information and the philosophy behind the
intervention, reflection on current practices, content re-
lated to each component, opportunities to experience
and practice delivery of each component, and a reflec-
tion on how the intervention could be integrated in the
daily routines at the centres. Ongoing bespoke PD was
also available to all staff, which focused on additional
training in the specific components of the intervention.
Each centre received one dedicated support visit in the
first 6 months of the intervention. Within this time
frame there was also a process evaluation visit where
additional support was provided after process data had
been collected.
Control group
For many centres allocated to the control group, they con-
tinued to implement the Munch & Move program [17].
Munch & Move is an initiative of the NSW Government
and provided, from 2010 to 2015, free face-to-face training
for one staff member on promoting healthy eating, active
play and fundamental movement skills and reducing
screen time in their centre. From 2016, Munch and Move
offered online professional learning and support through
health promotion officers from the local area health ser-
vice. In this study, we sent regular emails to staff in con-
trol centres encouraging them to take up the online
Munch & Move training and to contact the Department of
Health if they required any resources. A truncated version
of the Jump Start intervention was offered to staff at the
end of the full intervention period (18-months).
Data collection procedures
Data were collected by trained research assistants
blinded to group allocation. Baseline data were collected
from February–June 2015, and 6-month follow-up data
Table 1 A description of the five components of the Jump Start intervention
Jump start component Description of component Who facilitates the component
Jump in Structured gross motor lessons, which will be facilitated
every day for approximately 20 min. This component
focuses on one gross motor skill, across two lessons
every fortnight for 13 skills. All skill lessons are repeated
three times over the 18-month period. The skill experiences
are based on fun, interactive and engaging games.
Educators
Jump out Provision of opportunities for children to practice the gross
motor skills taught in the Jump In component every day.
It provides opportunities for educators to engage with
the children in physical activity and encourage the
correct performance of the skills. Jump Out is
predominantly child-led and educators respond
to the child’s cues using a variety of intentional
teaching methods.
Educators
Jump up Music-based activities designed to break up long periods of
sedentary behaviour with high-energy physical activity.
The children and educators will engage in two 3-min
songs every day.
Educators
Jump through Activities designed to connect learning and movement.
This component aims to use movement to enhance the
learning experience. This component will be facilitated
twice a day using a range of fun and engaging strategies.
Educators
Jump home Opportunities provided to families to learn about Jump Start
and for parents/caregivers to participate in the same activities
at home that the children have been participating at the ECEC centre.
Parents/caregivers
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collected from the same cohort of children from Au-
gust–December 2015. Only physical activity data were
collected 6-months into the trial. Although this was an
18-month intervention, we chose to collect and report
data at 6-months as we believed it would provide a long
enough intervention period to avoid any novelty effects
(overcome threats to internal validity of the study) and
was potentially long enough to have an identifiable effect
on the primary outcomes. That is, we wanted to deter-
mine if intervention effects could be seen as early as 6
months after baseline. To ensure all data collectors
remained blinded during the assessment periods, they
conducted assessments either in the intervention or con-
trol centres only. Staff were asked not to discuss group
allocation with data collectors. In addition, the object-
ively assessed primary outcome measure was selected to
minimise the potential for bias.
Measures
Outcome measures: physical activity levels
Physical activity was measured using Actigraph acceler-
ometer models GT1M, GT3X+ and GT3X models which
display high levels of agreement [18]. Minutes per hour
spent in total physical activity (a combination of light-,
moderate-, and vigorous-intensity physical activity;
LMVPA) while at the childcare centre was the primary
outcome. Other physical activity outcomes included mi-
nutes per hour spent sedentary and in moderate- to
vigorous-intensity physical activity (MVPA). Children
were asked to wear an accelerometer for 1 week during
waking hours, except during water-based activities. Col-
lected accelerometer data were integrated into 15 s
epochs during data reduction. After screening for non-
wear periods (≥20min of consecutive ‘0’ counts), partici-
pant data were considered valid at each time point if
they accumulated ≥3 h of valid wear time during child-
care centre hours on ≥1 childcare day. These criteria
were chosen because: i) 3 h represented 40–43% of a
typical childcare day (7.0–7.5 h), and ii) this study was a
group RCT and, as such, the aim was to represent total
physical activity at the centre level from individual child
samples. Therefore, less stringent inclusion criteria (e.g.,
≥ 1 day) were acceptable because these errors may not
bias centre-level estimates, and loss of precision may be
overcome by increasing sample size [19]. Epochs record-
ing ≥200 counts/15 s were classified as LMVPA [20] and
epochs ≥420 counts/15 s and ≤ 25 counts/15 s during
childcare hours were classified as MVPA and sedentary
behavior, respectively [21, 22].
Weight status
Weight status was evaluated by measuring height and
weight and calculating body mass index following stan-
dardized protocols [23].
Demographic characteristics
Demographic information was collected on the staff,
parents/caregivers and participating children. Demo-
graphic variables included child date of birth, sex, Abori-
ginal status and ethnicity. Parents/caregivers reported
their age, sex, postcode, marital status, education status,
employment status, gross annual income, Aboriginal sta-
tus, ethnicity and family structure. Childcare staff re-
ported their age, sex, qualifications, years of experience
(in childcare and in the participating centre), and level
of training, experience, and self-efficacy in physical activ-
ity and motor skill development. Socio-economic status
(SES) for children was based on their postcode of resi-
dence using the Australian Bureau of Statistics census-
based SEIFA scores.
Process measures
Intervention fidelity was assessed by trained research as-
sistants on one occasion over a one-day period using a
study-specific direct observation instrument [24]. The
instrument recorded start and finish times for each Jump
Start component (see Table 1), the number of children
(3–5 year-olds) involved in each component, adherence
to the structured lesson plans (where appropriate), de-
scription of activities, use of equipment and resources,
staff behaviours, and additional comments (e.g., weather
and environmental changes).
For the Jump Home component, parents were asked
to complete a checklist each week documenting the
number of activities completed. This checklist was asked
to be returned to the child’s centre or send directly to
the research team.
For the 21 comparison centres, a direct observation
tool was developed to measure implementation of the
Munch & Move program. This instrument consisted of
62 “yes” or “no” and open ended questions and focused
on types structured physical activity lessons (12 ques-
tions), unstructured physical activity or gross motor ex-
periences (6), educator intentionality (5), equipment and
resources available which promoted physical activity (7),
intentional energy breaks (4), activity levels in routine
activities (16), and communication strategies used by ed-
ucators with families regarding physical activity and
gross motor experiences (2). The questions incorporated
specific physical activity measures such as, minutes of
activity and proportion of children involved. Educator
behaviours, including educators asking questions relating
to physical activity experiences or educators providing
positive prompts/statements in relation to physical par-
ticipation with the children were also recorded.
The questions were categorised into four components: 1)
structured physical activity, 2) unstructured physical activ-
ity, 3) staff intentionality, and 4) resources and equipment.
Each centre received a score for each component which
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comprised minutes of structured and unstructured physical
activity, number of children involved, variability of equip-
ment, staff intent to promote a physically active environ-
ment and their communication to parents. Components
were coded as 1, 2 or 3 (1 = low, 2 = average, 3 = high) by
using the mean and standard deviation. A low scoring com-
ponent was one below the mean value, an average score
was the mean and a high score was above the total of the
mean and half a standard deviation value. Summing each
component then provided all centres with an overall score
(minimum score = 0, maximum score = 12).
Sample size calculations
Sample size and power estimates were based on the formula
proposed by Murray [25] to adjust for a clustered (nested)
cohort design. Based on the changes observed in our pilot
studies for accelerometer-based physical activity, we esti-
mated the minimum acceptable difference between groups
to be 45 mins/day of total physical activity (LMVPA) at the
18-month time point which translated to an effect size
(Cohen’s d) of 0.4 [26]. For a two-tailed alpha = 0.05 and an
intraclass correlation (ICC) of 0.01–0.05 our proposed sam-
ple size of 608 participants (304 per group) provided ap-
proximately 86% power to detect an intervention effect of
0.4 or greater for the ICC range proposed.
Statistical analyses
Analyses were conducted using STATA (Version 15, Sta-
taCorp LCC, College Station TX) following the proce-
dures as outlined in Murray [25]. Summary statistics were
created for the variables of interest (child sex, BMI, and
activity level) and accelerometer wear time. T-tests or chi-
square tests were used to determine if students who pro-
vided data at 6-month follow-up differed to those that
only provided baseline data on the following characteris-
tics: sex, baseline age, weight status and physical activity
level. Significance levels were set at p ≤ 0.05. As there was
a large amount of missing data at baseline (due mostly to
monitors not worn outside of child care attendace) and
the focus of the intervention was on promoting physical
activity during childcare hours, a decision was made to
only assess physical activity during childcare hours for the
6-month follow-up data collection. The primary outcome
remained the same (time spent in LMVPA) but was oper-
ationalised as minutes per hour (mins/hr) during childcare
to allow for different operating hours of centres and child
time of attendance, which was determined from the at-
tendance logbook kept by each centre.
Changes in physical activity
Analyses followed intention-to-treat principles. Analysis
of the primary outcome (minutes per hour in total phys-
ical activity [LMVPA]), and the other physical activity
outcome variables (mins/hour sedentary and in MPA,
VPA and MVPA) was conducted using a general linear
mixed model (GLMM) which contained random effects
for time and childcare centre nested within group.
Sub-group analyses
As child sex, age and weight status are common moder-
ators of physical activity interventions [27], sub-group
analyses were performed comparing boys and girls, chil-
dren’s baseline BMI (categorised into two groups:
‘underweight/healthy weight’ and ‘overweight/obese’
based on the IOTF cut-points [28]), and age (categorised
based on a median split). We included moderator inter-
action terms in the above GLMM separately for all po-
tential moderators and presented the results by mediator
subgroup if the test for three-way interaction term
(group x time x moderator) was significant at the non-
conservative 20% threshold [29].
Process measures
Observation data were presented as a percentage of
intended components completed (see Table 1 for compo-
nents). Each component was evenly weighted out of 25%.
Zero was given if no Jump Ups were observed, 12.5% if
only one Jump Up was observed and 25% was if ≥2 Jump
Ups were observed. A similar scoring system was utilised
for the Jump Out and Jump Through components. For
the Jump In component, the structured lessons comprised
four components and these were scored based on their
relative importance to provide a total score of 100, which
was then standardised to a score out of 25%.
Results
Sample
Figure 1 shows the flow of participants through the study,
from recruitment to 6-months post baseline. Forty-four
centres were assessed for eligibility and invited to partici-
pate. Of these, one centre did not meet the eligibility cri-
teria due to not having the minimum number of
consenting children (n = 3) resulting in 43 childcare cen-
tres participating in the study. Parental consent was re-
ceived from 661 of the 848 (78%) children eligible for the
study. Baseline characteristics of the 658 children who
were assessed are outlined in Table 2. Ninety-six percent
of the 580 children who wore an accelerometer provided
at least 1 day of valid accelerometer data (558/580). At 6-
months, 586 children wore an accelerometer and 87% of
these provided at least 1 day of valid accelerometer data
(508/586). There were no significant differences in the
proportions of boys and girls (83% vs 81%, χ2 = 0.891, p =
0.345), baseline BMI (16.5[1.4] vs 16.4[1.5] kg/m2, p =
0.644), age (3.3[0.4] vs 3.3[0.3] y, p = 0.141), or baseline ac-
tivity level (15.35[4.05] vs 15.13[4.32)]min/hr., p = 0.596)
between those who provided follow up data compared
with those who did not.
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Just over 90% of the educators who worked in the cen-
tres completed the self-efficacy and demographics ques-
tionnaire. The mean age of educators was 35.39y (±11.58)
and slightly more than one-third of educators had a ter-
tiary qualification (Table 2). Educators also reported low
levels of efficacy around teaching gross motor skills and
providing physical activity experiences. A total of 117 edu-
cators attended the one-day intensive PD session. During
the first 6 months of the intervention, all 18 centres re-
ceived at least one support visit from the research team
and 4 centres received a second support vist.
Changes in the physical activity outcomes
Baseline and 6-month physical activity outcomes for chil-
dren in the intervention and control centres are shown in
Table 3. The adjusted differences between children in the
intervention and control centres were not statistically sig-
nificant for any of the physical activity outcomes assessed.
There were no adverse events or side-effects reported.
Changes in physical activity from baseline to 6-months by
sub-groups (sex, age, and baseline weight status)
The three-way interaction terms for the moderators base-
line age (p = 0.156) and BMI category (p = 0.110) were
below the threshold of p = 0.20 and therefore subgroup
analyses were conducted for the primary outcome (total
physical activity at childcare). Although the interaction
term for sex was > 0.20 (p = 0.282) a decision was made a
priori to conduct sub-group analyses for males and fe-
males. The 6-month physical activity results by sub-group
Fig. 1 CONSORT flowchart showing progression of participants through the study
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are reported in Table 4. A greater effect was found in
overweight/obese children in the control group compared
with the intervention group for total physical activity (2.37
mins/hr. [− 4.58 to − 0.16], p = 0.036). No differences be-
tween groups for underweight/healthy weight were found
at 6-month follow-up. The differences between interven-
tion and control groups for boys or girls or younger or
older children were small and not statistically significant.
Process evaluation
Levels of implementation varied considerably across the
22 intervention centres. For the four components of the
intervention that were able to be monitored (Jump In,
Jump Out, Jump Up, and Jump Through – see Table 1
for details), implementation ranged from 0 to 100% for
all components except Jump In, which ranged from 0 to
90%. The mean levels of implementation were highest
for the Jump Through (72%) and Jump Up (64%) com-
ponents, respectively, and lowest for the Jump In (38%)
and Jump Out (45%) components. Median levels were
higher for each component except Jump Up and were
reported due to the high level of variability within cen-
tres: Jump Through (100%) and Jump Up (50%) Jump In
(40%) and Jump Out (50%).
Table 2 Baseline characteristics of the sample
Characteristic Intervention
Group
Control
Group
Number of children 348 310
Boys 176 (50.6%) 167 (53.9%)
Girls 172 (49.4%) 143 (46.1%)
With valid accelerometer data 298 (85.6%) 260 (83.9%)
Mean age (years) and SD 3.42 (0.35) 3.34 (0.35)
Aboriginal or Torres Strait Islander (%) 79 (22.7%) 95 (30.6%)
Child BMI Category (%)
Underweight 19 (5.5%) 13 (4.2%)
Healthy weight 266 (76.4%) 235 (75.8%)
Overweight 47 (13.5%) 32 (10.3%)
Obese 6 (1.7%) 9 (2.9%)
Mean number of days/week child attends childcare 2.76 (0.96) 2.70 (0.95)
Mean number of hours/week child attends childcare 19.44 (9.24) 20.09 (9.40)
Child activity level
Active (≥15mins/hour LMVPA while at childcare) 162 (54.5%) 130 (49.8%)
Inactive (<15mins/hour LMVPA while at childcare) 135 (45.5%) 131 (50.2%)
Number of educators who completed demographic questionnaire 160 (97.6%) 93 (76.2%)
Number of educators who completed the self-efficacy survey 149 (90.9%) 110 (90.2%)
Education level of educators (%)
High School 6.2 13.0
Certificate or Diploma 60.0 48.3
University trained 32.5 38.7
Question not completed 1.3 0
Mean age (years) and SD of educators 35.35 (10.88) 35.48 (12.75)
SES (from 536 Parent Surveys – 295 Intervention, 241 Control)
Low SES (SEIFA Decile 1–5)
213 (72.2%) 204 (84.6%)
IRSD (from 536 Parent Surveys – 295 Intervention, 241 Control)
< 927 73 (24.7%) 90 (37.3%)
927–965.8 67 (22.7%) 70 (29.0%)
965.8–1001.8 76 (25.8%) 48 (19.9%)
> 1001.8 79 (26.8%) 33 (13.7%)
Accelerometer wear time
Mins per day 452 420
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The Jump Home component was not well supported by
centres. Parents did not always receive the information on
the specific activities covered by the educators each week.
This resulted in poor adherence. Only a very small number
of parents (16 in total) completed the checklists to indicate
how often they completed any of the ‘homework’ activities
with their child. As a result, evaluation of the home inter-
vention component was not able to be completed.
For the comparison centres, the mean score out of 12
for implementation of the Munch & Move program was
6.86 (SD 1.59). Ten of the centres were categorised as
low levels of implementation, five as average, and six as
high implementers.
Discussion
This paper reports the 6-month results from a multi-
component intervention conducted in childcare centres
located in low socioeconomic areas in New South Wales,
Australia. At 6-months (one-third of the way through
the intervention), there were no differences between
intervention and control centres on the physical activity
or sedentary outcomes. Across the entire sample, chil-
dren increased their time spent in physical activity by
about 1.5mins per hour over the 6-month period, which
over a typical 7–10 h day in childcare would result in be-
tween 10 and 15mins more physical activity. However,
there were no significant differences in physical activity
between children in the intervention and control
centres.
These findings are similar to those reported in other in-
terventions in childcare settings in low-SES communities.
Of the six studies identified in a 2016 systematic review on
the effectiveness of childcare-based interventions in increas-
ing physical activity, five reported small and non-significant
effects on physical activity [8]. Another large-scale study in-
volving a similar number of centres and children from a
Table 3 Changes in physical activity from baseline to 6-month follow-up1
Outcome (mins/hr) Intervention Control I-C Adjusted
mean difference
(95% CI)6
Group
x time
p
value
Baseline
Mean (SE)
6-months
Mean (SE)
P value Baseline
Mean (SE)
6-months
Mean (SE)
P value
Total Physical Activity
(LMVPA)2
15.34 (0.32) 16.46 (0.33) < 0.001 15.24 (0.34) 16.62 (0.36) < 0.001 −0.28(−1.43, 0.88) 0.639
Sedentary 28.78 (0.43) 27.27 (0.43) 0.002 29.06 (0.45) 27.10 (0.47) < 0.001 0.44(− 0.91, 1.80) 0.521
MPA3 5.74 (0.15) 6.22 (0.15) 0.015 5.67 (0.16) 6.25 (0.16) < 0.001 −0.10(− 0.62, 0.43) 0.735
VPA4 2.01 (0.09) 2.17 (0.10) 0.082 2.01 (0.10) 2.17 (0.10) 0.075 0.03(−0.29, 0.35) 0.867
MVPA5 7.74 (0.21) 8.41 (0.22) < 0.001 7.68 (0.23) 8.42 (0.24) < 0.001 −0.07(−0.84, 0.70) 0.861
1Analysis based on 558 and 508 children with at least 1 day of valid accelerometer data at baseline and 6-month follow-up, respectively
2LMVPA: Light-, moderate-, and vigorous-intensity physical activity
3Moderate-intensity physical activity
4Vigorous-intensity physical activity
5Moderate- to vigorous-intensity physical activity
6Adjusted for time and childcare centre nested within group
Table 4 Changes in physical activity from baseline to 6-months by sub-groups (sex, baseline weight status, and age)
Outcome (mins/hr)
HLMVPA1
Intervention Control I-C Adjusted mean
difference (95%
CI)2
Group
x time
p
value
Baseline
Mean (SE)
6-months
Mean (SE)
P value Baseline
Mean (SE)
6-months
Mean (SE)
P value
Sex
Male 16.32 (0.45) 17.17 (0.46) 0.136 16.13 (0.46) 17.64 (0.48) 0.001 −0.66 (−2.19, 0.87) 0.398
Female 14.29 (0.40) 15.65 (0.41) 0.003 14.23 (0.43) 15.27 (0.46) 0.086 0.31 (−1.17, 1.80) 0.677
BMI category
Underweight/healthy 15.18 (0.36) 16.35 (0.37) 0.016 15.17 (0.38) 16.38 (0.40) 0.001 −0.04 (−1.37, 1.28) 0.949
Overweight/Obese 16.58 (0.69) 16.91 (0.70) 0.509 15.99 (0.74) 18.69 (0.84) 0.027 −2.37 (−4.58, −0.16) 0.036
Age Category
< 3.37 15.12 (0.42) 15.31 (0.43) 0.579 14.44 (0.42) 16.14 (0.44) < 0.001 −1.48 (−3.06, 0.09) 0.065
> =3.37 15.58 (0.40) 17.48 (0.41) 0.001 16.20 (0.45) 17.23 (0.48) 0.063 0.98 (−0.65, 2.62) 0.238
1HLMVPA: high-light-, moderate-, and vigorous-intensity physical activity
2Adjusted for time and childcare centre nested within group
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range of SES backgrounds also reported no intervention ef-
fects for children from low-SES pre-schools [30]. Despite
the challenges in conducting interventions in these settings,
the preliminary results from this intervention may be inter-
preted as somewhat disappointing, although it may be too
early to arrive at this conclusion. More work is needed to
better understand how to effectively promote physical ac-
tivity in childcare centres in low-SES communities.
There are several explanations for the null findings in
this study. First, the level of implementation was quite
low, especially for two of the components (Jump In [struc-
tured activity lessons] and Jump Out [supporting unstruc-
tured outdoor free-play opportunities]), which had mean
implementation levels of < 50%. Some centres had chal-
lenges in implementing the intervention due to a high staff
turnover, low levels of confidence, and competing de-
mands on staff, especially in the area of school readiness.
For example, some centres found it challenging to inte-
grate intervention components into their daily routine,
and viewed it as something additional they had to fit into
their already busy daily schedule. Some staff did not agree
that children needed to be taught gross motor skills, be-
lieving that they acquired these naturally as part of their
growth and maturation. Some staff were also convinced
that implementing energy breaks (Jump Up component)
would result in children being distracted and unable to
successfully transition to the next activity. As such, it took
some time for the intervention to “gain traction” in the
centres and become part of their daily routine. We sought
to address these challenges by providing detailed informal
feedback and a summative report based on the observa-
tional data collected to the centres prior to each subse-
quent observation session. We made available to all
educators free on-going bespoke professional learning
which focused on additional training in the specific com-
ponents of the intervention. This also offered additional
training during face-to-face support visits or more regular
follow-up phone calls, to those centres with low levels of
implementation.
The seven centres that were classified as having a high
level of implementation during the first 6 months of the
intervention, were characterised as having a large num-
ber of staff trained in the Jump Start program. As such,
the responsibility for implementation was shared among
staff and not the responsibility of only one or two staff
members. These centres also had strong “hands-on” sup-
port for Jump Start from their Director. This leadership
from the Director allowed the program to be success-
fully integrated into the daily routine, and gave it a
higher priority among staff than in those centres with
less support from the Director.
The null finding may be attributable, at least in part,
to the lack of a true control group. In our opinion, it
would not have been possible to recruit or retain a no
treatment control group, especially given the length of
the intervention (18-months). As such, we decided to
compare our intervention with current best-practice in
the state of NSW, the Munch & Move Program [31]. In
the Munch & Move Program resources to promote
healthy eating and gross motor skill competence were
made freely available to all ECEC services in the state of
New South Wales. Online professional development was
also provided free-of-charge to educators and educators
were provided with further support if needed from
health promotion officers from their local area health
district. While this is atypical of what occurs in other ju-
risdictions, there were some key differences between
Jump Start and Munch & Move. While Munch & Move
includes some physical activity education, it does not
focus specifically on increasing physical activity (just on
promoting gross motor skill competence) and does not
include components from the Jump Start intervention
model such as energy breaks, integration of physical ac-
tivity with other learning areas, and home-based motor
activities. We provided additional support for the
Munch & Move Program by providing centres with ac-
cess to the Munch & Move website, reminding centres
of professional development opportunities, and commu-
nicating regularly through newsletters and e-blasts about
the Munch & Move Program, encouraging centres to
make us of the online resources. Our observational
monitoring of comparison centres showed that all had
large amounts of time allocated for outdoor play (some
exceeding more than 5 hours per day). As such, it was
going to be a challenge to see a change in the interven-
tion group that would be significantly greater than what
was already happening in comparison centres.
An important point to note is that because the levels of
physical activity were already high in the intervention cen-
tres, any intervention that might replace some unstructured
time outdoors with a structured activity (like the Jump In
component that focused on developing gross motor skill
competency) may likely result in an initial decline in chil-
dren’s activity levels until the staff become confident in be-
ing able to implement the sessions with high levels of
fidelity. As we did not assess gross motor skills at 6-month
follow-up, it is not possible to determine if these skills im-
proved more in the intervention centres. This is something
that will be assessed at 18-month follow-up.
We also explored potential moderators of intervention
effects to determine if the intervention worked for some
sub-groups. There were no sub-group effects for age or
sex however a significant intervention effect was found
among overweight and obese children in this study, with
those in the control group participating in around 2.4
mins/hr. more physical activity than those in the interven-
tion group. Over the course of a typical day at childcare
(8 h) this translates to about 19mins/day which is around
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10% of the daily amount recommended in the Australian
Guidelines (180mins/day) [2]. Given children in Australia
attend childcare an average of 3 days per week this differ-
ence is small and greater amounts of physical activity may
be needed to prevent unhealthy weight gain among over-
weight and obese children. The possible explanations for
this are not clear given there were no differences between
groups for physical activity. It may be that the overweight
and obese children in the control centres participated in
more physical activity outside of their time at childcare,
but this was not measured at follow-up.
Strengths and limitations
Strengths of this study include the multi-component focus
of the intervention and the emphasis on enhancing rather
than replacing the quality of physical activity provision.
This real-world intervention was also designed to be im-
plemented by staff, enhancing its sustainability. Other
strengths include the RCT design, use of an objective
measure of physical activity, focus on regional and rural
communities with high proportions of vulnerable children,
where the need for high-quality learning environments in
childcare is greatest, and a comparison against a best-
practice control rather than a no-treatment control.
It was challenging collecting adequate accelerometry
data outside childcare (i.e., the home environment). For
this reason, we decided after baseline assessments to
only focus on collecting accelerometry data during child-
care hours for the 6-month follow-up.
We found that there was a higher than expected turn-
over of staff and of children. This was largely due to the
transient nature of the populations in some of the re-
gional and rural communities. This resulted in the need
to conduct additional training in many of the centres
and taking longer to implement all components of the
intervention. Centres were also unable to get any partici-
pation from families in the Jump Home component,
with only a small number of parents (< 10) from a small
number of centres (~ 3) reporting completion of the
weekly challenges. Staff indicated that it was not unusual
to have low levels of parental support for centre-based
activities and this demonstrates the difficulties in work-
ing with families in these settings. The low levels of im-
plementation of the home component resulted in
physical activity not being assessed in the home environ-
ment at 6-month follow-up.
Conclusions
The 6-month effects of the Jump Start interventions
showed no difference in physical activity between children
in the intervention and control centres. At this initial time
point, this is due to low levels of implementation among
intervention centres. This reinforces the importance of
supporting centres to achieve high levels of fidelity and
overcome barriers to implementation. It can take time in
these settings for changes to be embedded into everyday
routines and ongoing professional development is critical
given the dynamic nature of these environments in these
communities.
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